ABSTRACT
Kidney transplantation is considered the best treatment for patients with end-stage renal failure, even in extreme age-groups. Immunosuppression for "life" is, however, mandatory. This chronic, somewhat unselected, inhibition of the host immune system may induce complications, such as cancer and infection, that could counterbalance the benefits achieved by the transplant. In addition, all currently used immunosuppressors have several side-effects, impeding their long-term use. Consequently, drug associations are frequently tested by different centres according to their own practices, resulting in different survival and tolerance profiles. Corticosteroids and calcineurin inhibitors are the cornerstones of current immunosuppressive regimens. However, they are also the main culprits of adverse-events and side-effects encountered after transplantation. Lowering the doses of each drug, or even eliminating them from the immunosuppressive menu, has been evaluated by many groups over the last two decades. This review summarises a huge number of studies dealing with corticosteroid and calcineurin inhibitor minimization, including withdrawal and avoidance trials. It is hard today to propose any practical guidelines on such a controversial topic. Good results are achieved by some groups and bad results by others. The lack of long-term follow-up in randomized studies contributes to this debate. Nevertheless, it seems possible and safe to avoid corticosteroids and/or calcineurin inhibitors in many patients. The application of protocol biopsies as well as new immunological tests to determine the degree of immunosuppression will certainly help transplant physicians to provide more personalized treatment strategies.
INTRODUCTION
The discovery and development of immunosuppressive drug therapies has led to the expansion and success of kidney transplantation over the last 50 years . The introduction of the calcineurin inhibitor (CNI) cyclosporine (CsA) into clinical practice in the early 1980s significantly improved one-year cadaver kidney allograft survival from approximately 60% to 85%. Moreover, CsA was the milestone responsible for the growing success of non-kidney organ transplantation. However, even under CsA, therapy the incidence of acute rejection remained high (approximately 50%) (1, 2) and long-term allograft survival improved only marginally (3) . The introduction of mycophenolate mofetil (MMF), tacrolimus (TAC), CsA microemulsion, sirolimus (SRL), a new generation of monoclonal antibodies such as the anti-interleukin-2 receptor blockers (IL2r-Ab) daclizumab (DAC) and basiliximab (Bsx), the anti-CD52 monoclonal antibody Alemtuzumab (campath 1H), the polyclonal biologic antilymphocyte and anti-thymocyte sera, and the costimulatory blockade drug Belatacept, has provided transplant physicians a wide choice in selecting and minimizing the immunosuppressive protocols (4) (5) (6) (7) (8) (9) (10) . On the other hand, attempts to obtain a state of "tolerance" using different strategies have been conducted using various immunosuppressive protocols (11) (12) (13) (14) (15) . The aim of these protocols is not the minimization of immunosuppression but rather the establishment of a tolerant state that would ideally be maintained without immunosuppression. This type of approach will not be addressed in this review due to the radical difference in the approach and targets.The absence of reliable markers to monitor the degree and extent of immunosuppression is the main factor that prevents progression within the field of minimization, the induction of a state of operational tolerance and the avoidance of malignancy. In addition, different infectious complications, such as BK-virus-induced nephropathy, are now emerging and are directly related to the amount and type of immunosuppression used (16) . The threat of cancer is a permanent risk confronted by patients on long-term immunosuppression with around 40% of patients developing some kind of malignancy (primarily skin cancers) by 20 years after transplantation , the main cause of death of kidney recipients with functioning grafts (17, 18) . The two most common causes of late graft loss (i.e., more than 12 months after transplantation) are chronic rejection or chronic allograft nephropathy (CAN), and death with a functioning graft (2, 3, 19, 20) . Moreover, the majority of the current immunosuppressive drugs are associated with one or more risk factors predisposing to atherosclerotic cardiovascular disease. Corticosteroids and CNI are the most pro-atherogenic drugs (20) . The cardiovascular risk of sirolimus is yet unclear (21) . Because of their numerous and serious side-effects, the two main classes of drugs that are targeted for drug minimization are corticosteroids and CNIs. We shall therefore focus this review on these two classes of drugs.
CORTICOSTEROID MINIMIZATION PROTOCOLS
Nobody would deny that, without corticosteroids, kidney transplantation would not have seen the light of day. Because of their numerous mechanisms of action, effectiveness, low cost and no need for dose monitoring, corticosteroids are still used by the large majority of centers all over the world for induction, maintenance and ongoing rejection therapy. Fortunately, the doses used have been dramatically decreased over the years (mainly since the introduction of CNI) and, in parallel, corticosteroid-related side-effects and adverse events have also been diminished. The list of complications related to the use of corticosteroids is endless; the most frequent being osteoporosis, avascular necrosis, myopathy, cataracts, glaucoma, skin atrophy, weight gain, growth limitation in children, and changes in physical and psychological features. Corticosteroids also promote hypertension, hyperlipidemia, glucose intolerance and diabetes (22) (23) (24) (25) . Above all, long-term corticosteroid therapy can increase the risk of cardiovascular disease and infectious episodes, the current leading causes of post-transplant morbidity and mortality. Consequently, the question is whether a complete elimination of corticosteroids can be achieved with new immunosuppressive regimens, with the hope of improving patient quality of life as well as surveying and of course maintaining efficient graft function. Unfortunately, there is currently no answer to this question since studies on corticosteroid minimization and elimination focus mainly on the rejection rate rather than on graft and patient survival and quality of life. Since the introduction of CsA in our center in 1981, we systematically decided to withdraw corticosteroids as early as 3 months after transplantation in all kidney transplant patients receiving Thymoglobulin induction and a CsA-Azathioprine maintenance immunosuppression (26). This regimen, which was ambitious at that time, gave us excellent results with no increased incidence of acute rejection or graft loss. In our experience, more than 80% of patients can be maintained without corticosteroids with a highly acceptable level of 20-year patient and graft survival. Several important issues, however, remain unresolved while planning corticosteroid minimization: timing of corticosteroid withdrawal, advantages and dangers associated with total avoidance, optimal concomitant immunosuppression, requirement for biologic induction therapy and need for immunological monitoring. Although the short-term results are very promising, it is more difficult to determine whether corticosteroid avoidance has a positive or negative impact on long-term outcome.
CORTICOSTEROID WITHDRAWAL

Late corticosteroid withdrawal (3 months post transplantation).
Traditionally, late withdrawal of corticosteroids is considered safer than early (first weeks) withdrawal, although results from recent studies no longer support this notion (27-33). Two well-designed double-blind, randomized trials of late corticosteroid withdrawal with concomitant maintenance therapy consisting of CsA and MMF demonstrated the potential risks and benefits of this minimization strategy (34, 35) . The inclusion criteria for the US study were first transplant recipients on CsA, MMF (dose ≥ 2 g/day) and prednisone, without a history of previous rejection and with a serum creatinine of less than 2.4 mg/dl, in other words, the so called "low-risk" patients (34) . Patients who satisfied these criteria at 3 months posttransplantation were randomized to continue on prednisone therapy or to withdraw prednisone over 2 months. Two hundred and sixty-six patients had been enrolled when the study was stopped because of an excess rejection rate in the prednisone withdrawal group. One-year after transplantation, the acute rejection rate was significantly higher in the withdrawal group compared with the corticosteroid maintenance group (31% vs. 10%, respectively). The high rejection rate in the corticosteroid withdrawal group was largely the result of a significantly higher rejection rate in African American patients. These patients are well known (due to genetic and social factors) to be a high-risk population for rejection. On the other hand, despite the increased risk of rejection, corticosteroid withdrawal was associated with significantly lower cholesterol levels and required less use of antihypertensive drugs. In the second multicenter trial (Europe, South Africa and Australia), 500 renal transplant recipients were randomized in a double-blind corticosteroid regimen for 6 months with an unblinded 6-month follow-up (35) . The CsA and MMF maintenance protocol was similar in the two arms of the study, while corticosteroids were either maintained indefinitely or withdrawn at 3 months. The acute rejection rate was again statistically higher in the corticosteroid withdrawal group at 6 (23% vs. 14%) and 12 months (25% vs. 15%) following transplantation. However, blood pressure, total cholesterol and bone density at 1 year worsened in the corticosteroid maintenance group. The common conclusion of these two trials was that late withdrawal of corticosteroids with concomitant immunosuppressive therapy consisting of CsA and MMF may result in a greater but acceptable risk of acute rejection (except in African American patients). Importantly, corticosteroid withdrawal was associated with a much better lipid and blood pressure profile. These secondary end-points may be much more relevant than the primary one in future trials. Much better results were reported with a TAC/MMF-based immunosuppression in a randomized, open-label, parallel-group trial (36) . The incidence of acute rejection in 279 patients withdrawn from corticosteroids at 3 months was 6% compared to 1% in 277 patients who were maintained on corticosteroids during the first year following transplantation (36) . This constant increase in rejection rate observed when corticosteroids were stopped was again confirmed in a meta-analysis performed by Pascual et al. including randomized and controlled trials under "modern" CNIs and MMF (34) (35) (36) (37) (38) (39) . Two large pharmaceutical-sponsored studies, the THOMAS study (40) and the COSTAMP study (41) , investigated corticosteroid withdrawal after 3 months from a triple therapy together with TAC and MMF. No difference was found between the withdrawal group and the ongoing corticosteroid group as regards the rejection rate and recipient or graft survivals after 6 and 12 months. The THOMAS study confirmed the reduction of hyperlipidemia, hypertension and new onset diabetes mellitus and a long-term stable renal function in the absence of corticosteroids (40, 42) . In addition, increase in bone mineral density, with a corresponding increase in serum osteocalcin, was noted 1 year following corticosteroid withdrawal (43) . In a large European-based prospective study, Opelz et al. (44) analyzed deceased donor kidney and heart transplant recipients who were withdrawn from corticosteroids no earlier than 6 months following transplantation. Compared to other reports of corticosteroid withdrawal, the numbers of patients (1,015 kidney and 420 heart recipients) and the duration of followup (average 5 years) are impressive. In addition to the low rate of acute rejection observed (8.6 vs. 10.2%) the authors concluded that corticosteroid withdrawal significantly improves long-term patient survival, graft survival and death-censored graft survival. The clearest conclusion from this ambitious, multicenter study is that late withdrawal of corticosteroids is safe in the vast majority of Caucasian/European kidney and heart transplant recipients with 59% of the recipients remaining corticosteroid-free after a follow-up of 7 years.
Early corticosteroid withdrawal.
Very recently, strategies in corticosteroid minimization have favored immunosuppressive regimens in which corticosteroids are withdrawn very early after transplantation (usually in the first week) or completely avoided (27, 29-33, 45, 46) . The potential advantages of these newer approaches in corticosteroid sparing are that acute rejection in patients with short-term exposure (or avoidance) to corticosteroids may occur early after transplantation, when renal allograft recipients are monitored closely and frequently. In contrast, late corticosteroid withdrawal is made at a time when visits to the clinic are less frequent and the follow-up course may not be under the direct supervision of the transplant center.
To reduce the risk of rejection and to provide a more effective immunosuppression in the early post-transplant period, trials with early corticosteroid withdrawal or avoidance have been designed to include the use of biologic induction therapy (27, 29-33,) . From a theoretical standpoint, early corticosteroid withdrawal may be advantageous compared to chronic use and withdrawal: the host immune response is not modified by short courses of corticosteroids; there is no interference with the classical tolerogenic pathways of the allograft; there is a lack of corticosteroid dependency and the activation of the immune response following discontinuation could be prevented (46) (47) (48) . Moreover, the side-effects of corticosteroids could be fully prevented (49, 50) . One of the first, early corticosteroid withdrawal protocols was performed almost 20 years ago by Stratta et al. (51) In this CsA-based trial, corticosteroids were withdrawn two weeks after kidney transplantation. The authors reported no graft loss but a rejection rate of 50%. Interestingly, the authors concluded that early corticosteroid withdrawal was feasible, even though their study failed to find discriminating factors relative to the choice of the optimal recipient for this kind of strategy. More than a decade later, the same findings were described by Matas et al. (32, 33) following corticosteroid tapering within 6 days. Their findings were additionally confirmed by Ponticelli et al. (52) . Irrespective of an increased rate of acute rejection, the long-term graft and patient survivals were not negatively affected by corticosteroid reduction. Fast corticosteroid withdrawal (within 7 days) on a TAC/MMF-based immunosuppression led to a rejection rate of 19% in the first year and an excellent graft and patient survival of 91% and 97%, respectively, after a median follow-up of 51 months (53) . Another approach was the comparison of early corticosteroid withdrawal (3 days) with a slow corticosteroid tapering (over 16 weeks) using an induction therapy with DAC/TAC/MMF (54) . Neither the number of acute rejections nor patient or graft survival differed. One can thus conclude that with the use of potent coimmunosuppressors like IL2r-mAb and anti-lymphocyte sera (55) , corticosteroids can be withdrawn safely during the first days post surgery.
CORTICOSTEROID AVOIDANCE
Avoidance of corticosteroids was first practiced by Calne et al. in the early '80s (56) . He demonstrated the utility of complete absence of corticosteroids in the transplant setting. Tarantino et al. (57) compared CsA monotherapy vs. CsA/azathioprine/corticosteroids. A higher number of severe rejections and graft losses were encountered in the CsA monotherapy group. Interestingly, 10 years later, similar outcomes were found in both groups with 50% of the recipients maintained under CsA monotherapy from the beginning (58) . This percentage increased to 70% when induction and MMF were added (59) . More recently, the ATLAS study compared two corticosteroid-free TAC-based protocols (TAC/MMF or Bsx/TAC) to a standard TAC/MMF/corticosteroid regimen (60) . The corticosteroid-free groups showed significantly higher rejection rates than the controls (30 vs. 26 vs. 8%, respectively) but graft and patient survivals were not different. In the CARMEN study, the same control group (TAC/MMF/corticosteroids) was compared with a DAC/TAC/MMF groups and one with no corticosteroids at all (61) . The group without corticosteroids had a rejection rate identical to that of the controls (16.5%) with similar one-year patient and graft survivals . This study also demonstrated that recipients under TAC but without corticosteroids had a significantly lower incidence of newonset insulin-dependent diabetes mellitus (0.4 vs. 5.4%). This study suggests that induction therapy can replace corticosteroids early after transplantation.Most of the beneficial effects of corticosteroids are related to inhibition of antigen presentation. Their avoidance may not need continuous replacement, but only compensation at the time of initial allograft recognition, as suggested by the CARMEN study. A similar approach was undertaken using the anti-CD52 monoclonal antibody Alemtuzumab (62) . In a pilot study a rejection rate of 30% was reported. The rejecting recipients where switched to Alemtuzumab and SRL as the sole maintenance immunosuppression. Patient and graft survival rates were 100% and 97%, respectively, after a follow-up ranging from 3-29 months. In a well planned three-arm, randomized trial (63) (with 30 patients in each arm) induction with Thymoglobulin, alemtuzumab, and DAC was compared. All patients received maintenance immunosuppression with TAC/MMF/steroids, but the alemtuzumab group received half the dose of TAC and no steroids after the first week. In the interim report with a median follow-up of 15 months, there was no difference in patient or graft survival, acute rejection rate or renal function, nor was there any difference in infections or incidence of diabetes or hyperlipidemia. However, 80% of the alemtuzumab group remained steroid-free. Of particular interest in this study was the documentation of regulatory T cells that appeared in a higher proportion of the patients in the alemtuzumab arm. Gallon et al. (64) also tested SRL in combination with TAC compared to TAC/MMF, both involving induction with anti-CD25 monoclonal antibody. Acute rejection was 30% in the SRL/TAC group and 18% in the TAC/MMF group, with better graft function in the TAC/MMF group.An original and innovative study combined the elimination of corticosteroids with early discontinuation of CsA and later discontinuation of MMF (65) . Ninety-six kidney transplant recipients were randomized into four subgroups of two pilot studies. All patients received induction with Thymoglobulin, SRL and the immunonutrients arginine and oil containing omega-3 fatty acids. MMF was started in standard doses and discontinued by 2 years. CsA was given in reduced doses for 4, 6 or 12 months. The cumulative 1-year acute rejection rate was 14%. At 3 -years, 90% of the recipients were corticosteroid-free, 87% were off CNI and SRL monotherapy was maintained in 57% (65) . Attempts to minimize corticosteroid use have also been made in our center since 1986 in the context of simultaneous kidney/pancreas transplantation (66) . This is a high-risk patient population in terms of rejection, infection, graft loss and death. To counter-balance the absence of corticosteroids, we systematically treated patients with rabbit anti-thymocyte globulin induction (67) and more recently with IL2r-mAb (68). These strategies were very successful, with an approximately 30% incidence of acute rejection. With the introduction of MMF, the complete avoidance of corticosteroids was tested in a Thymoglobulin/CyA/MMF corticosteroid-free pilot protocol. A very low incidence of acute rejection (7%) was achieved and 75% of the included patients were able to remain without corticosteroids more than 7 years after transplantation (69). In the same setting, a corticosteroidfree and a late corticosteroid withdrawal (3 months) immunosuppressive regimen were randomly compared (70) , again confirming the low acute rejection rate previously reported (4% in both groups). These two sparing strategies accounted for similar patient, kidney or pancreas survival rates at 1, 2 and 3 years (70) . The first US experience of a successful prospective corticosteroid-free, maintenance protocol in simultaneous pancreas-kidney transplantation (SPKTx) reported the feasibility of using Thymoglobulin induction in combination with TAC-based maintenance therapy combined with either MMF or SRL (71) . Other studies have validated the efficacy of steroid avoidance immunosuppression in SPKTx using other maintenance combinations (70, (72) (73) (74) (75) . Interestingly, all steroid avoidance immunosuppressive strategies in SPKTx recipients have relied on Thymoglobulin induction. No studies have reported on the use of alemtuzumab induction in conjunction with a steroid avoidance maintenance immunosuppression in SPKTx. Alemtuzumab is a reasonable induction agent to consider in steroid avoidance protocols for SPKTx because it is also a T-cell depleting agent and its efficacy has been demonstrated in tolerance achieving protocols in kidney transplantation (12, 13 ,62, 76-78) . Alemtuzumab is a humanized monoclonal antibody that reacts against the CD52 cell surface antigen densely expressed on T-and B-cells, eosinophils and some populations of monocytes, macrophages and dendritic cells (79) . Evidence of the utility of alemtuzumab (double-dose) to facilitate steroid-free immunosuppression in kidney transplantation has been described with CyA (77), TAC (12), or SRL monotherapy (13, 62) , or based on a more conventional approach using combined TAC/MMF maintenance therapy (78) . Recently in a retrospective single center sequential study in SPK transplantation were evaluated two main objectives: (i) to compare two different induction strategies, alemtuzumab and Thymoglobulin, in combination with TAC/SRL maintenance therapy and (ii) to report long-term outcomes in a corticosteroid-free immunosuppressive protocol (80). Overall 1-and 3-year patient and graft survival rates did not differ between patients treated with alemtuzumab and Thymoglobulin. Rejection rates were also nearly equivalent at 1 (6% vs. 2%) and 2 years (8% vs. 5%) for the alemtuzumab and Thymoglobulin group respectively. Interestingly, viral infectious complications were lower in the alemtuzumab group. Previous experience from the Pittsburgh group has shown that steroid withdrawal can be safely accomplished in pancreas transplant recipients maintained on tacrolimusbased immunosuppression without any induction. Steroid withdrawal was associated with excellent patient and graft survival with no increase in the cumulative risk of rejection (81, 82). The safety and benefits of very early withdrawal or complete avoidance of corticosteroids following kidney transplantation needs to be confirmed by long-term data and, most importantly, by designing large trials with end-points other than acute rejection. Today, CAN would be the most suitable primary end-point. In the interim, transplant physicians should consider using corticosteroid minimization regimens selectively for patients who are at a high risk of complications from corticosteroid therapy: 1-patients previously treated with corticosteroids; 2-children with a low immunologic risk; 3-patients at risk of developing skeletal disease; 4-patients with atherosclerotic cardiovascular disease; 5-patients with susceptibility to metabolic disorders; 6-obese patients, 7-diabetic patients, 8-elderly patients and 9-patients suffering from active hepatitis (83).
CALCINEURIN INHIBITOR MINIMIZATION PROTOCOLS
The introduction of CsA, the first CNI widely available, into clinical practice in the early 1980s, dramatically improved graft survival at one year following transplantation. This drug was at the origin of the modern era of clinical kidney and non kidney organ transplantation. CsA-based immunosuppression was associated with new post-transplant morbidities, principally chronic nephrotoxicity, that has limited further improvement in long-term outcome (19, 20) . While nephrotoxicity has been amply documented and is frequently cited as the Achilles' heel of the CNI-regimens, the proof of inexorable progression of CNI-induced nephrotoxicity remains controversial (84) (85) (86) (87) . Many factors have been found to play a role in the development of chronic allograft dysfunction, including input factors (donor disease or acute peri-transplant injuries), immunological risk factors (acute rejection episodes), non-immunological factors such as atherosclerotic risk factors (hypertension, dyslipidemia) and, probably, chronic CNI toxicity (1, 2, 88) . Determining whether slow progression of graft failure is predominantly the result of immunological or nonimmunological events, and how this syndrome can be treated or prevented, remains challenging and one of the crucial unresolved issues in clinical practice today (89) . Over the years, it has become clear that "under-immunosuppression" (whatever its cause) is associated with acute or progressive immunologic injury. In such cases, both cellular and humoral immune mechanisms play an important role in the pathogenesis of so-called CAN. Recently, donor-specific alloantibodies to human class I or II leukocyte antigen (HLA) have been shown to be associated with CAN, possibly reflecting an alloresponsive via the indirect pathway (90) (91) (92) (93) (94) . It is not unusual to find that posttransplantation production of alloantibodies precedes the clinical manifestations of CAN, further implicating humoral immune mechanisms as a cause of CAN, rather than a consequence (95) . In kidney biopsies, the presence of the complement split product C4d appears to be a good in situ marker of antibody-mediated rejection (92, (96) (97) (98) . Although the role of CNI toxicity in the pathogenesis of CAN has been a matter of debate amongst transplant physicians and nephrologists, recent clinical-pathological studies have suggested that CNI nephrotoxicity also contributes to CAN, directly via drug toxicity or indirectly via hypertension and dyslipidemia (88, (99) (100) (101) (102) . Hence, patients who develop renal dysfunction from CNI nephrotoxicity are at a greater risk of having a shortened graft half-life. CsA has also been shown to promote cancer progression by a direct cellular effect independent of its effect on host immune cells (103) . The effect of CsA dosage on malignancy was initially explored in our center in a prospective, open label, randomized study (104) . Two hundred and thirty-one patients were randomized 1 year after transplantation to either the continued use of the standard dose of cyclosporine or a reduced dose of CsA. With a 66-month follow-up period, significantly more patients in the standard dose group than in the low-dose group developed cancers, two thirds of which were skin cancers. Thus, renal toxicity and cancer are considered the two main limitations of chronic CsA use. TAC, the other available CNI approved for clinical use, has some differences as compared to CsA in terms of graft survival, acute rejection and adverse events. Although no difference in 5-year kidney allograft survival was found between these two drugs, kidney function was better in TAC-treated patients. (105) . This finding suggests a lower nephrotoxic effect of TAC as compared to CsA. A switch study performed in CsA-treated patients with CAN supported this hypothesis (106) . One possible explanation for the reduced nephrotoxicity observed with TAC may be that by inhibiting TGF beta, it induces less fibrosis (107) (108) (109) . Clinical-histopathological studies using protocol biopsies may also provide key information concerning CsA and TAC-associated efficacy and nephrotoxicity. Preliminary data from recent studies suggest that, as compared to CsA, TAC-based immunosuppression may be associated with fewer inflammatory lesions and less transplant glomerulopathy and interstitial fibrosis. In the setting of biopsy-proven established CAN, the randomized conversion from CsA to TAC improves allograft function, lowers blood pressure, and reduces low-density lipoprotein (LDL) cholesterol compared to CsA continuation, suggesting that this superior profile may translate into improved long-term graft survival (106, 110) . TAC also seems to be more effective than CsA in preventing acute rejection. In an initial study comparing TAC to oil-based CsA in 412 transplant recipients of deceased donor kidneys, the incidence of biopsy-confirmed acute rejection was significantly lower in the TAC group (31 vs. 46%) (111) . In a multicenter European study including 560 kidney transplant recipients, the rate of biopsy-proven acute rejection was again significantly lower in the TAC group (9.4 vs. 21%) (112) . Other studies have also indicated that TAC is associated with a lower incidence of hypertension and hyperlipidemia than CsA (84, (113) (114) (115) (116) . Conversion from CsA to TAC in stable kidney transplant recipients has been demonstrated to improve the cardiovascular risk profile (113) (114) (115) . Serum levels of LDL cholesterol, triglycerides, apolipoprotein B, and fibrinogen decrease significantly after conversion from CsA to TAC (114) . The Framingham risk score (although not initially designed for use in organ transplant recipients), is also reduced by conversion to TAC. A similar improvement in the cardiovascular risk profile was found in another study, as fibrinogen, total cholesterol, and LDL cholesterol decreased after conversion from CsA to TAC (115) . Recently the results of the DIRECT study (sponsored by Novartis Pharma AG) were published. The aim of this randomized, multicenter trial was to assess the incidence of new-onset diabetes 6 months after renal transplantation in patients receiving CsA microemulsion-(monitoring the 2-hour post-dose level) vs. TAC-based immunosuppression (117) . All of the patients received similar co-medication (Bsx/MMF/corticosteroids). The intention to treat population consisted of 682 recipients, the vast majority were nondiabetic at baseline. The primary safety endpoint, post-transplant new-onset diabetes mellitus or impaired fasting glucose at 6 months, occurred more frequently in TAC (35%) than in CsA-microemulsion-treated patients (26%) (117) . So far, although TAC seems superior to CsA as regards rejection and graft survival, side-effects such as diabetes can limit its use. It might, however, be worthwhile to keep in mind that the discovery and clinical use of CNIbased therapy was a revolution for all organ transplant recipients. Their use has been a key factor in achieving good allograft outcomes for most patients, and caution should be recommended before CNIs could be abandoned (118) . It is important to continue to explore the possibility that lowering CNI dosages or withdrawal after the first months post-transplantation may help to prevent late allograft loss. The optimal dosage and type of CNI for long-term use should be further defined in order to optimize the cardiovascular risk profile, avoid nephrotoxicity and prevent tumors. Thus, serial prospective clinical and histological data (at 1, 3, and 5 years) of current clinical trials will be needed, with additional modern immunologic monitoring to ensure that what appears to be attractive in the short-term will also translate into improved medium-term and long-term outcomes. To be clinically useful, protocol biopsies must drive a beneficial change in therapy. Randomized trials have shown the benefit of protocol biopsies in patients with CNI toxicity . At present, they offer the potential for the diagnosis of intragraft pathological processes before they becoming symptomatic, at a time when they can be potentially treatable, and when the molecular and cellular mechanisms leading to late injury can be appreciated. Once validated in terms of sensitivity, protocol biopsies will be increasingly performed in routine clinical care and as a component of drug trials (119, 120).
CALCINEURIN INHIBITOR SPARING PROTOCOLS
CNI sparing is defined as the initial use after transplantation of a standard or low-dose of CNI with subsequent withdrawal. CNI avoidance protocols consist of immunosuppression regimens that completely avoid their use. Currently worldwide, regimens that are most widely used for induction and maintenance immunosuppressive therapy include CNIs. Therefore, the definition of optimal dosage and selection of CNI to be used in kidney transplantation still remains a major topic of discussion. In the "CsA-Corticosteroid-Azathioprine Era", reduction or withdrawal of CsA in stable kidney transplant recipients was associated with unacceptable rates of acute rejection and graft loss. As a consequence, there was a reluctance in most transplant programs to decrease long-term CsA dosages below an average of approximately 4 mg/kg/day, in an effort to avoid immunologic injury with resulting chronic kidney allograft dysfunction (121) . Indeed, it was well recognized that minimization of CNI dosages is a risk factor for poor outcomes (87) . Since the introduction of MMF and SRL in 1997-1998 instead of azathioprine in CNI-based triple-drug regimens, there has been a renewed optimism that lowering or discontinuation of CNI might be feasible in stable kidney recipients.
Recipients with chronic kidney allograft dysfunction
The treatment of established CAN in kidney transplant recipients who are receiving CNI-based immunosuppression remains a challenge, and to date, no clear-cut therapeutic regimen or strategy has been shown to be consistently effective. Recent clinical studies, however, indicate that addition of MMF or SRL with a 30%-50% reduction of CNI dosages might be an effective means to stabilize or even improve kidney allograft function in this setting (122) (123) (124) (125) (126) . In some reports, complete withdrawal of CNI also appeared to be beneficial and safe, even in the late post-transplant course in patients with established CAN (127) . In general, the follow-up in these studies has been relatively short and no prospective serial immunologic monitoring has been reported, so definitive proof of longterm improvement is lacking. Moreover, MMF administration is frequently poorly tolerated (due to gastrointestinal and bone marrow associated side-effects), resulting from an accumulation of drug metabolites secondary to the kidney allograft dysfunction (in the absence of systematic MMF monitoring). Whether the subset of patients with true chronic rejection due mainly to immunological injury (with antidonor antibodies) should be treated preferentially with CNI or not remains to be determined in prospective studies (92, 94, 128) . A recent systematic review of randomized trials of conversion from CNI protocols to SRL for chronic allograft dysfunction (129) identified 1,040 patients from 5 randomized trials and 977 patients from 25 non-randomized trials. In randomized trials, conversion to SRL improved short-term creatinine clearance by 6.4 ml/min. In non-randomized trials, renal function improved or stabilized in 66% of cases, creatinine clearance improved (by a mean of 5.7 ml/min) but cholesterol and triglycerides increased (by 20.8 mg/dl and 40.1 mg/dl, respectively). SRL was discontinued in 28-59% of the patients in randomized trials and 17% in non randomized trials because of side-effects. Better knowledge of SRL blood levels may improve the future clinical tolerance of this drug.
Recipients with stable kidney allograft function 3-12 months after transplantation
As already mentioned above, the optimal dosage and selection of CNI beyond the first 3-12 months after transplantation remains a matter of debate. The inclusion of MMF or SRL instead of azathioprine in triple drug, CNIbased regimens has clearly shown that both drugs are more potent immunosuppressors than azathioprine. As a consequence, complete CNI withdrawal has also been attempted, leaving patients with a regimen of either MMFprednisone or SRL-prednisone alone. Important information has been recently gathered for the following two categories of stable patients.
Patients receiving CsA/MMF/corticosteroids
In a prospective multicenter study, 212 stable primary transplant recipients receiving CsA, MMF, and prednisone were randomized at 6 months posttransplantation to either CsA withdrawal, prednisone withdrawal, or to continue their triple-drug therapy regimen. The objective of this study was to assess the safety of CsA withdrawal (50% tapering for 2 weeks before discontinuation) or prednisone at 6 months after transplantation compared with the continuation of triple therapy. Eighteen months after drug withdrawal, a biopsyproven acute rejection occurred in 22%, 4%, and 1.4% of each group, respectively. Biopsy-proven chronic rejection was observed in 11%, 4% and 0%, respectively. Thus, CsA withdrawal was associated with a significantly increased incidence of not only acute rejection but also chronic rejection, as compared to the two other groups (37) . Three months after withdrawal of either CsA or prednisone, a substantial decrease in total cholesterol was observed, but a lower total/HDL cholesterol ratio was only present in the CsA withdrawal group. Similarly, the mean arterial pressure was improved in both the CsA and prednisone withdrawal groups. Another similar European multicenter clinical trial enrolled 187 renal transplant recipients treated with triple therapy (CsA/MMF/prednisone) and randomized at 3 months to either CsA withdrawal or to continuation therapy. CsA withdrawal was gradual over 3 months. The primary end-point was creatinine clearance 6 months after complete withdrawal. Similar to the previous study, acute rejection episodes were significantly higher in the CsA withdrawal group (11% vs. 2%) with no graft loss. The lower rejection rate following CNI withdrawal reported may have been achieved because of the tapering preceding the withdrawal of CsA compared to the previous similar experience. At the end of the study, there was a significant improvement in creatinine clearance of 7.5 ml/min (per protocol population) in favor of the CsA withdrawal group. CsA withdrawal was associated with a significantly lower total and LDL cholesterol (130) . During the study, the average daily dose of MMF was approximately 2 g/day in both treatment groups, whereas the mean daily dose of prednisone was 13 mg/day in the CsA withdrawal group and 7.5 mg/day in the CsA continuation group. The five-year results of the study recorded similar recipient and graft survival rates in the two groups. However, withdrawal of CsA resulted in an increased risk of acute rejection episodes and graft loss as a result of rejection throughout the 5-year study period. The improvement in renal function (in terms of creatinine clearance) observed at 1 year was maintained at 5 years. Blood pressure and cholesterol levels were well controlled in both groups. (131) Two other randomized CsA withdrawal studies in stable kidney transplant recipients receiving MMF therapy more than 3 months post-transplant were published with similar short-term results (132, 133 ). An interesting randomized, open-label trial was performed to compare the incidence of acute rejection after an early (3 months) withdrawal of CsA or MMF in renal transplantation (134) . Non-sensitized, rejection-free patients who were under a triple drug regimen (CsA/MMF/prednisone) and had received a first kidney from a deceased donor were enrolled. Three months after transplantation, patients were gradually withdrawn from CsA (n = 54) or MMF (n = 54). A graft biopsy and a pharmacokinetic study of CsA and mycophenolic acid were systematically performed before the randomization. At 1 year, graft and patient survival rates were 100% in each group. Renal function was improved in the MMF group compared with the CsA group (Cockcroft-Gault calculated clearance + 8.2 ml/min). However, the probability of acute rejection was significantly higher in the MMF group (18% vs. 6%). The patients who developed acute rejection after CsA withdrawal had a significantly higher incidence of borderline changes on the randomization biopsy than the rejection-free patients and they displayed a lower area under the curve of mycophenolic acid. Multivariate analysis confirmed that borderline changes and area under the curve of mycophenolic acid were significant risk factors for acute rejection after CsA discontinuation. It was concluded that a systematic graft biopsy and a pharmacokinetic study of mycophenolic acid are needed to reduce the risk of acute rejection after CsA withdrawal (134) . A further trial of CNI withdrawal, the CAESAR trial, has enrolled 536 patients in three treatment groups. The purpose of this study was to evaluate whether a very low dose of CsA (with and without late withdrawal) in combination with the IL2r-mAb DAC and MMF is safe and provides effective immunosuppression. The key end points of this study were acute rejection, measured GFR, and histological analysis of protocol biopsy at 1 year. The mean GFR 12 months after transplantation (the primary endpoint) was not statistically different in the CsA withdrawal and low-dose CsA groups (both 51 mL/min/1.73 m 2 ) vs. the standard-dose CsA group (48.6 mL/min/1.73 m 2 ). At 12 months, the incidence of biopsy-proven acute rejection was significantly higher in the CsA withdrawal group (38%) vs. the low or standard dose CsA groups (25% and 28%, respectively). In summary, a regimen of continuous lowdose CsA with MMF, corticosteroids and DAC induction seems to be clinically safe and effective (135) . Overall, the available evidence suggests that complete discontinuation of CsA in stable kidney transplant recipients receiving CsA/MMF/prednisone is associated with a significantly increased risk of acute rejection. Such an approach may therefore be detrimental to a substantial proportion of patients. In addition, clinically evident acute rejection episodes may represent the tip of the iceberg, with unrecognized subclinical cellular rejection (or chronic humoral rejection) possibly occurring in some additional patients in the weeks or months after CsA withdrawal. Furthermore, it is well recognized that a history of acute rejection is a major risk-factor for CAN. Answers to these questions are lacking because study end-points of immunologic monitoring (serological or histopathological) were not systematically incorporated in these clinical trials and long-term follow-up was not reported. Because of these concerns, a safer strategy to prevent long-term toxicities associated with CNI use in stable patients might be the reduction (rather than discontinuation) of CsA dosages at 1 year post transplantation (136) . To confirm this hypothesis, a prospective randomized trial was performed to determine whether CsA could be safely reduced by 50%. At 1 year post-transplantation, 64 stable kidney transplant recipients were randomized to either continue their maintenance CsA dose (mean 3.5 mg/kg/day) or lower their CsA dose by approximately 50% over a 2-month period (mean CsA levels decreasing from 213 ng/ml to 86 ng/ml). During the study, the mean daily dose of MMF was approximately 2 g/day and the daily dose of prednisone was 9.5 mg/day in both treatment groups. Within 6 months of randomization, no episode of acute rejection or graft loss occurred in either group. Patients in the CsA reduction group had a significant increase in their glomerular filtration rate (from 57.7 ml/min to 64.6 ml/min) and a significant decrease in mean systolic blood pressure, triglycerides, and serum uric acid levels but no significant changes in homocysteine, Creactive protein, or fibrinogen levels were observed (137, 138) . Interestingly, the modest but significant improvement in kidney allograft function in the CsA reduction group was in the same order of magnitude as that observed in the CsA withdrawal studies mentioned above. Of note, no de novo anti-HLA antibody production after 50% CsA reduction was observed in the subgroup of patients that were tested (138) .Newer methods of CsA monitoring (such as the 2-hour post-dose level of CsA) may help in selecting CsAoverexposed patients for a controlled dose-reduction of their CNI (139) . However, it seems particularly important to emphasize that more long-term follow-up studies (up to 5 years) with sequential immunologic monitoring and protocol biopsies are needed, particularly for studies of complete CNI withdrawal (140, 141).
Patients receiving CsA/SRL/corticosteroids.
Two trials (142, 143) were designed to evaluate the efficacy of a maintenance regimen of SRL/prednisone following CsA withdrawal. These trials were conceived to minimize the enhanced nephrotoxicity that was observed when SRL was used in combination with full-dose CsA (5). These two studies (the first conducted in the US and in Europe, and the second conducted worldwide minus the US) have a slightly different design but the same underlying rationale: assessing the safety and the potential benefits of CsA withdrawal from a SRL/corticosteroid regimen. In the US-Europe trial, CsA was withdrawn at the end of month 2 after transplantation only in patients who had been rejection free (82% of patients were eligible). The incidence of acute rejection at 1 year was not statistically significant (19% vs. 22%, respectively) between patients who continued CsA therapy vs. patients who were withdrawn from CsA. Patients withdrawn from CsA experienced a significant increase in the calculated GFR (142) . The Rapamune Maintenance Regimen Trial was conducted to examine whether concentration-controlled SRL dosing could be used to eliminate CsA from a CsA/SRL/prednisone maintenance regimen (143) . In this study, 525 kidney transplant recipients of deceased (89%) or living (11%) donors received CsA/SRL/corticosteroids triple therapy for the first 3 months post-transplant. At 3 months, eligible patients (those with no recent episode of acute rejection) were randomized either to remain on the triple-drug therapy regimen or to have their CsA withdrawn. In the CsA withdrawal group, SRL was maintained at trough levels of 20-30 ng/ml in the first year, followed by 15-20 ng/ml thereafter. The results demonstrated that, at 12 months, overall graft and patient survival were similar in both arms. The incidence of biopsy-proven acute rejection was 13% during the prerandomization period. After randomization, acute rejection rates were significantly higher in the CsA withdrawal group (10% vs. 4%), but kidney function (63 ml/min vs. 57 ml/min) and blood pressure improved as compared to the control group. These 1-year results suggested that CsA elimination at 3 months from a CsA/SRL/prednisone regimen can result in subsequent improved kidney function and lower blood pressure, with a slight but significant increase in the acute rejection risk (143) . Of note, during the pre-randomization period, 18% of the patients were discontinued from the study, and post-randomization there was an additional significantly different rate of discontinuation of 18% and 27%, in the CsA/SRL/prednisone group and SRL/prednisone group, respectively (143) . The 36-month results of this multicenter trial showed that kidney function and blood pressure remained significantly better with SRL/prednisone. The incidence of biopsy-proven acute rejection between randomization and month 36 was 5% higher in the SRL/prednisone group, but this difference no longer achieved statistical significance. The discontinuation rate from the study at month 36 was significantly higher in the CsA/SRL/prednisone group (48% vs. 38%) (144) . The major cause for discontinuation from the study was the occurrence of adverse events. Although the 3-year results of this trial are encouraging, the relatively large dropout rate observed needs to be considered when trying to apply such an immunosuppressive strategy to daily clinical practice. A common conclusion can be drawn from these trials: discontinuation of CsA from a SRL/corticosteroids regimen is associated with a modest increase in rejection but a significant and clinically relevant improvement in renal function. Whether this trade-off is deemed acceptable in clinical practice in stable patients remains to be determined. As previously mentioned, CNIs have been associated with an increased risk of diabetes, whereas SRL seems to be devoid of any effect on glucose metabolism. Recently, however, a small pivotal study was performed to investigate the effect of the withdrawal of CNI and the switch to SRL on peripheral insulin resistance and pancreatic beta-cell responses. This strategy failed to ameliorate the glycometabolic profile and was associated with a worsening of insulin resistance and an inappropriately low insulin response. These findings support the need for continual and specific monitoring of glucose metabolism in renal transplant recipients after CNI withdrawal and conversion to a new immunosuppressive protocol (145).
CALCINEURIN INHIBITOR AVOIDANCE IN IMMUNOSUPPRESSIVE PROTOCOLS
Initial trials combining SRL (instead of CsA) with corticosteroids and azathioprine or MMF resulted in an incidence of biopsy-proven acute rejection of 41% (with azathioprine) or 28% (with MMF), no different from that observed with CsA-based regimens (146, 147) . The first European study utilized a CNI-free regimen combining SRL and MMF, in conjunction with corticosteroids but without antibody induction therapy (147) . At 14 centers, recipients of renal allografts from deceased donors were randomized to receive SRL (n= 40) or CsA (n= 38) in an open-label design. All patients received 2 g/d MMF and corticosteroids. The doses of SRL and CsA were concentration-controlled. At 1 year, patient and graft survival were similar between the two treatment groups. The incidence of biopsy-proven acute rejection was not statistically different (28% in the SRL arm vs. 18% in the CsA arm). The calculated GFR was consistently higher in the SRL-treated patients compared with CsA. A major concern with this trial was the very high doses of SRL that were required to achieve the target sirolimus blood levels (30 ng/ml for 2 months and 15 ng/ml thereafter). In addition, 43% of patients in the SRL treatment group were discontinued from the protocol for a number of reasons. Thus, while this trial demonstrated the potential efficacy of a regimen combining two antiproliferative drugs in the absence of a CNI, it fell short of being fully successful. The addition to this regimen of induction therapy with a biologic agent improved its tolerability, decreased the dose and target SRL levels required to provide efficacy, and reduced the acute rejection to below 20%. Such an approach consisting of DAC/MMF/corticosteroids was tested in two different clinical trials. In the absence of a CNI, these regimens showed relatively high acute rejection rates in the range of 40-50%, and consequently have generally been abandoned (148, 149) . Interestingly, acute rejection episodes occurred despite complete blockade of IL2r, suggesting that blocking an important pathway of the immune response (the interleukin-2 pathway), together with oral administration of MMF and corticosteroids, does not confer complete protection against rejection (149) . In the US-Europe multicenter trial, the rationale for such an approach to CNI avoidance was that anti-IL-2r-mAb blocking IL-2 binding to its receptor, could be substituted for CNI that inhibit cytokine transcription, particularly in the early post-transplant period when there is an increased risk of rejection (149) . Ninety-eight patients were enrolled and followed for 1 year. Patients who experienced acute rejection were started on CNI. All patients were primary transplant recipients receiving kidneys from deceased or living donors. The biopsy-proven rejection rate at 1 year was 53%. Despite the high rejection rate, the overall 1-year outcome was excellent, with a patient survival of 97% and graft survival of 96%. On the basis of the findings that during acute rejection the IL-2 receptor on circulating and intragraft lymphocytes were fully saturated with DAC, it was hypothesized that rejection may have been mediated by redundant cytokines such as IL-15, which can induce T cell activation. In this setting, SRL blocks cytokine-mediated proliferative signals from the common gamma chain, a receptor that binds to several cytokines, including IL-15, and could provide greater efficacy to CNI-free regimens (150) . Again recently, a prospective, randomized comparison of a similar immunosuppression (DAC/MMF/corticosteroids) to a CNI-based protocol (CsA/MMF/corticosteroids) in a population with low immunological risk (PRA negative, DR-matched deceaseddonor kidney transplant recipients), was unsuccessful (151) . The GFR at 1-year was significantly lower in the DAC/MMF/corticosteroids-group (-17.9 ml/min). Oneyear patient and graft survival did not differ but the overall acute rejection rate was higher in the CNI-free protocol (70.4%) as compared to the CsA-group (29.6%). The incidence of acute rejection was unacceptably high (even though anti-IL2r-mAb induction and initial higher MMF doses were applied) and renal function was significantly lower in the CNI-avoidance patients. (151) . An initial pilot study evaluated a protocol consisting of DAC/MMF (2 g/day)/SRL (target blood levels= 10 to 20 ng/ml) (152) . Nine primary renal transplant recipients were enrolled. At 3 months, only one of nine patients had an episode of mild acute rejection. While the immunosuppression regimen was well tolerated, anemia and hyperlipidemia were the most common side effects. Moreover, by adding Bsx induction to a SRL/MMF/corticosteroids regimen, it was reported that low acute rejection rates could be observed in 31 lowimmunological risk kidney transplant recipients (153) . At 2 years, SRL-treated patients had better renal function and a decreased prevalence of CAN as compared to CsA-treated patients, whose mean CsA trough levels were kept at 210-240 ng/ml during the first year (153, 154) . In a single center US study 61 patients were randomized to either CsA or SRL in a Bsx/MMF/corticosteroids immunosuppression (153) . At 1 year, patient and graft survival were not significantly different between the two treatment groups. The SRL-treated patients had a rejection rate of 6% compared with 17% in the CsA treatment group. At 6 and 12 months, the SRL-treated patients had significantly lower mean serum creatinine levels than the CsA-treated patients (1.3 mg/dl and 1.3 mg/dl vs. 1.7 mg/dl and 1.8 mg/dl, respectively). At 1 year, there were no significant differences in lipid levels between the two arms of the study. In the recently reported 5-year extended observation of this cohort, there were no significant differences in acute rejection rates (13% in the SRL group vs. 23% in the CsA group), total cholesterol (209.1 vs. 204.3 mg/dL, P=0.973) or urine protein/creatinine ratios (0.398 vs. 0.478 mg/dL, P=0.72) but the sirolimus-based CNI-free patients had a longer death-censored graft survival (96.4 vs. 76.7%, P=0.0265), a higher glomerular filtration rate by the abbreviated Modified Diet in Renal Disease (66.7 vs. 50.7 cc/min, P=0.0075), and fewer graft losses from CAN. The Banff chronic scores at two years were strong predictors of 5-year glomerular filtration rate (154, 155) . On the other hand, the multinational, randomized study based on this pilot study (the ORION study) failed to replicate these good results and the SRL/MMF based arm of the study was terminated due to a higher than expected 18-month rate of acute rejection (30% in SRL/MMF vs. 11% in TAC/MMF vs. 17% in SRL/TAC). Despite more frequent rejection episodes, renal function was numerically better at 18 months in the SRL/MMF group, suggesting that in the setting of CNI-free immunosuppression, mild acute rejection is not associated with deterioration of renal allograft function as reflected by GFR, serum creatinine, and urinary protein excretion. (156) . In another prospective, randomized controlled trial, 132 living donor renal allotransplant recipients were divided into two groups. All patients received corticosteroids and Bsx induction therapy. For maintenance immunosuppression, TAC/SRL or SRL/MMF was alternatively utilized (157) . Patients were followed up for a minimum of 24 months. One-year patient and graft survival rates were not significantly different between the groups. However, the incidence of biopsyproven acute rejection was lower in the SRL/MMF group but the difference was not statistically significant (14% vs. 19%). Statistically significant better renal function was encountered among SRL/MMF patients at two years posttransplantation, as measured by serum creatinine and calculated GFR (+15.3 ml/min). One-year protocol biopsies showed insignificant differences relative to the chronic allograft damage index between the two groups. Assessment of the long-term impact of this observation on graft survival and function needs a longer follow-up (157) . A registry analysis of outcomes with the SRL/MMF combination regimen in kidney transplant recipients transplanted between 2000 and 2005, taking into account data concerning 2,040 kidney transplant recipients on SRL/MMF concluded that SRL/MMF is associated with inferior renal transplant outcomes compared to other commonly used regimens (158) . In this study, the 6-month acute rejection rate was higher with SRL/MMF (16% vs. 11% with other regimens). Overall graft survival was significantly lower on SRL/MMF and this approach was associated with twice the hazard for graft loss relative to TAC/MMF, also consistent in both living donor transplants and expanded criteria donor transplants. Among deceased donor transplants, the delayed graft function rate was higher in the SRL/MMF cohort (47% vs. 27%). However, adjusted graft survival was also significantly inferior with SRL/MMF in delayed graft function-free patients. In analyses restricted to patients who remained on the discharge regimen at 6 months post-transplantation, conditional graft survival in deceased-donor transplants was significantly lower with SRL/MMF compared to patients on TAC/MMF or CsA/MMF regimens at 5 years post-transplantation: 64%, 78% and 78%, respectively, and across all patient subgroups (158) . More recently, powerful T-cell-depleting induction strategies using Thymoglobulin have been evaluated as a means to possibly induce hyporesponsiveness and thus enable minimization of maintenance immunosuppression (as proposed more than two decades ago by our group). In a pivotal study, highdose Thymoglobulin administration (total dose of 20 mg/kg) for 8-10 days before transplantation followed by postoperative SRL monotherapy was tested in twelve nonsensitized primary kidney transplant recipients, but was associated with an acute rejection rate of 25% and frequent adverse events (159) . In another prospective study in low immunologic risk recipients of suboptimal kidneys (n=30), it was found that Thymoglobulin induction followed by MMF (3 g/day)/corticosteroids was associated with a 24% acute rejection rate. However, side effects of MMF at the doses used were also common and overimmunosuppression was noted (160) . In another prospective, randomized trial with Thymoglobulin induction comparing SRL/MMF/prednisone to TAC/MMF/prednisone, 81 patients in the SIR group and 84 patients in the TAC group were enrolled (161) . At 1 year, patient and graft survival were similar between the two groups, the incidence of clinical acute rejection was 10% in the TAC group and 13% in the SIR group and there was no difference in mean GFR measured by iothalamate clearance at 1 or 2 years. At 1 year, according to the Banff score, there was no difference in interstitial, tubular or glomerular changes, but fewer chronic vascular changes were detected in the SRL group. This study shows that a CNI-free regimen using SRL/MMF/prednisone produces similar acute rejection rates, graft survival and renal function 1 and 2 years after transplantation compared to TAC/MMF/prednisone (161) . Other emerging CNI-free therapies are being developed for use in renal transplantation. These novel protocols avoid CNI because the mechanism of action of CNI (but not MMF or SRL) involves abrogation of lymphocyte response pathways to alloantigens that also blocks activation-induced apoptosis and the development of tolerance, relegating patients to a lifetime of immunosuppressive therapy with considerable toxicity. An important protocol, notably because it might represent a new and distinct way of preventing alloimmune injury in humans, is the incorporation of agents that inhibit T-cell costimulation signals in drug regimens with no CNIs. Belatacept, a recombinant fusion receptor protein consisting of the extracellular domain of CTLA4 (which binds with high affinity to CD80 and CD86 and blocks costimulation signals required for T cell activation) linked to the constant region of IgG1, can induce tolerance (in rodents) or indefinite graft survival (in non human primates) (162) (163) (164) when used instead of CsA, in maintenance triple drug regimen, with MMF and corticosteroids (165) . A large multicenter prospective randomized study tested the efficacy and safety of a chronic intermittent intravenous therapy of an intensive or less-intensive Belatacept regimen or CsA regimen to demonstrate the non-inferiority of Belatacept over CsA in the incidence of acute rejection at six months (10) . All patients received induction therapy with Bsx/MMF/corticosteroids. At six months, the incidence of acute rejection was similar among the groups: 7% for intensive Belatacept, 6% for less-intensive Belatacept, and 8% for CsA. At 12 months, the glomerular filtration rate was significantly higher with both intensive and lessintensive Belatacept than it was with CsA, and CAN was less common with both regimens of Belatacept than with CsA. Lipid levels and blood-pressure values were similar or slightly lower in the Belatacept groups, despite the greater use of lipid-lowering and antihypertensive medications in the CsA group (10) . This trial represents a paradigm shift in immunosuppression therapy, replacing orally administered CNI and their requirements for therapeutic drug monitoring with intermittent parenteral therapy (administered at monthly or every other month intervals). This approach could not only be tested with molecules blocking costimulatory signals but also with a new generation of anti-CD25 monoclonal antibodies or even polyclonal antibodies.
SPARING OF STEROIDS AND CALCINEURIN INHIBITORS
Several new studies are ongoing with the use of Alemtuzumab (Campath-1H). This agent is a humanized rat monoclonal antibody (rat immunoglobulin IgG2b) directed against the CD52 antigen, which is expressed on all blood mononuclear cells and also on cells lining the male reproductive tract. It is a powerful cytolytic agent and has been used therapeutically in bone marrow transplantation, several autoimmune diseases, and organ transplantation. It was first used in organ transplantation in 1998 to prevent rejection (77) and is being used with increasing frequency as induction therapy in many institutions with the goal of minimizing corticosteroids and CNI. In the absence of long-term results and randomized trials, no definitive conclusions can be made concerning this agent, although very promising short-term data is starting to be documented, as detailed in the recent review by Morris et al (166) . Because of the long-lasting lymphopenia caused by alemtuzumab, especially of B and T lymphocytes, it had been hoped that its use might facilitate the development of steroid-free regimens and calcineurinsparing or calcineurin-free regimens to avoid the long-term complications of these agents, particularly nephrotoxicity in the case of the latter. Most of the studies reported have used alemtuzumab induction with a steroid-and calcineurin inhibitor-free protocol (14, 62) , a steroid-free and calcineurin-reduced protocol (12, 167, 168) , or a steroidfree protocol (76, 169) . As of yet, none of the retrospective studies of calcineurin inhibitor-free or -reduced immunosuppression and alemtuzumab induction in renal transplantation have been able to show any significant improvements in renal function compared with conventional therapies. This may be a reflection of the limited follow-up in these studies. The longest follow-up was reported by Watson et al. (167) , who showed that, after 5 years, there was no significant difference in renal function in the alemtuzumab group that received reduced cyclosporine as maintenance immunosuppression, despite the fact that the patients in this group received significantly less cyclosporine than the control group for the first 2 years after transplantation. Shapiro et al. (12) showed that alemtuzumab induction allowed these patients to achieve spaced weaning of tacrolimus to every other day or less in 74% of patients, but at 1-year follow-up, there was no significant difference in renal function. Gruessner et al. (14) , who employed a steroid-and calcineurin inhibitorfree protocol, did not observe a significant difference in renal function in their series of combined kidney/pancreas transplants, but follow-up was short. Conversely, improved renal function was observed in liver transplant recipients treated with alemtuzumab induction and low-dose tacrolimus monotherapy (170).
CONCLUSIONS
Today, the number of drugs (chemical, biological, etc) available to treat kidney allograft recipients is much greater than in the past. Because of multiple mechanisms of action, numerous immunosuppressive associations are possible, resulting in equal results from one center to another. The most relevant challenges are, however, to prevent acute rejection, to maintain good graft function indefinitely, to avoid cancer and to avoid death. None of the current drug regimens are capable of this. So far, and in order to be more effective and less toxic, physicians have tried to minimize their immunosuppressive protocols as much as possible. As reported here with corticosteroids and CNIs, the results are very confusing, making clear and secure guidelines impossible to be established. The lack of studies with long-term outcomes is an important issue that requires reflection. Despite these conflicting data, it appears possible and safe to eliminate, at least in a large majority of patients, the chronic use of corticosteroids and/or CNIs. Whether or not this approach is effective in the very long-term is still unknown.
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